SUMMARY Brain stem auditory evoked responses (BAERs) were performed on 25 alcoholic patients with Wemicke-Korsakoff syndrome, 56 alcoholic patients without Wernicke-Korsakoff syndrome, 24 of whom had cerebellar ataxia, and 37 control subjects. Abnormal BAERs were found in 48% of patients with Wernicke-Korsakoff syndrome, in 25% of alcoholic patients without Wernicke-Korsakoff syndrome but with cerebellar ataxia, and in 13% of alcoholic patients without Wernicke-Korsakoff syndrome or ataxia. The mean value of the I-V interval was prolonged in all patient groups. There were more patients with prolonged I-V and I-III intervals in the Wemicke-Korsakoff syndrome group than in the group without the syndrome. The I-III interval was prolonged in 32% of those with Wemicke-Korsakoff syndrome but in only 6% of alcoholics without the syndrome. These abnormalities improved following thiamine treatment and abstinence from alcohol. The presence of prolonged I-III interval in an alcoholic should raise the possibility of Wernicke's encephalopathy.
The Wernicke-Korsakoff syndrome is a neurological disorder usually encountered in alcoholics and caused by thiamine deficiency.' In the acute phase (Wernicke's encephalopathy), the signs are nystagmus, ophthalmoplegia, confusion and ataxia, all of which improve with administration of thiamine.' Many affected patients are left with a severe deficit in short term memory (Korsakoff psychosis). The large discrepancy between the number of cases diagnosed clinically and pathologically2 4 suggests that the diagnosis of Wernicke's encephalopathy is frequently overlooked during life.
The lesions in Wernicke-Korsakoff syndrome are primarily in the grey matter of the brain stem and diencephalon,46 and also brain stem abnormalities have been demonstrated pathologically in alcoholic cerebellar degeneration.7 Lesions in these regions of the brain are difficult to localise neuroradiologically but brain stem abnormalities may sometimes be detected by brain stem auditory evoked responses (BAERs).8 9 Abnormal BAERs have been reported in chronic alcoholics including those with Wernicke-Korsakoff syndrome'0 but the number of cases studied has been small. Serial studies correlating BAER with clinical recovery have not been described in Wernicke-Korsakoff syndrome.
We report a study of the BAERs in 25 alcoholic patients with Wernicke-Korsakoff syndrome, 16 of whom were followed up for 6 months, and in 56 alcoholic patients who had no history of Wernicke-Korsakoff syndrome. The aim of our study was to examine the incidence and nature of BAER abnormalities in alcoholic patients with and without Wernicke-Korsakoff syndrome and to evaluate the effect of therapeutic measures and complete abstinence from alcohol on the BAER.
Methods

SUBJECTS
Controls
The control subjects were 37 male and 40 female volunteers whose ages ranged from 18 to 69 years (mean 43-5 years (males); 46-5 years (females)). Informed consent, and drinking and medical histories were obtained. Only healthy subjects who abstained or drank less than 20 g/day and were not on drug treatment were accepted for the study. BAER recordings were performed in an isolated room using a Medelec modified averaging system. The stimulus was a wide band 100 ,us click, generated from an Amplaid FRA research audiometer which was controlled by a Medelec AS6 trigger unit. Clicks were presented monaurally through earphones at a repetition rate of 12 Hz, and at an intensity of 65 to 75 dB above the subjective click threshold of the ear. The rarefaction click polarity was employed in this study.
Chronic alcoholics without
Percutaneous needle electrodes were placed at the vertex and both ear lobes, the ground electrode being placed under the chin. Ipsilateral and contralateral recordings with reference to the vertex were taken simultaneously. The contralateral ear received a masking white noise whilst clicks were presented to the ipsilateral ear. The electrodes were connected to Medelec AA6 MK3 amplifier which had a gain of 100 000 and a bandpass of 100 Hz and 3-2 Hz.
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The output of the amplifier was led to a 1024 point analog averager (Medelec DAV6) which was gated on during the first 10 ms following each click stimulus. A total of 1 000 responses were averaged for each record. At least two trials were conducted for each run in order to ensure the reproducibility of the results. The responses were recorded on an X-Y plotter, in which vertex positivity or ear lobe negativity was indicated by an upward deflection of the tracing."
Waves I to V were identified according to the conventional methods. Their respective latencies were measured from the stimulus artefact to the peaks, to the nearest 0a 1 ms. The interpeak latencies I-III, Ill-V and I-V were then calculated from the absolute latencies. If (fig 1) . Since there were no significant differences in latencies between ears, the data for fig 2) .
The I-III interval was prolonged in 32% of walk without assistance although some degree of gait ataxia was present in the majority including the two whose BAERs remained abnormal.
Of the 16 patients with Wernicke-Korsakoff syndrome followed up for 6 months, eight (50%) had abnormal BAERs at the initial study, but only two (13%) had abnormal BAERs at the second examination. All the mean interpeak latencies were shorter at the second examination. These were significant in the cases of the I-III and I-V intervals (p < 0 01, p < 0 05 respectively) (table 3) .
Discussion
The diagnosis of Wernicke-Korsakoff syndrome was made in 17 patients by the presence of confusion, ophthalmoplegia, nystagmus and ataxia. In eight patients there was no confusion but ophthalmoplegia and ataxia were present and responded promptly to thiamine. According to Victor et al,' confusion is absent in 10% of patients with pathologically proven Wernicke-Korsakoff syndrome. The chronic alcoholic group consisted of alcoholic patients who had no history of the syndrome. Group I patients had no gait disturbance while group II had evidence of cerebellar involvement.
The study showed that among the three alcoholic groups, the Wernicke-Korsakoff syndrome group had the highest incidence of abnormal BAERs (48%). The non-Wernicke-Korsakoff syndrome Brain stem auditory evoked responses in chronic alcoholics group II patients had an incidence of 25% abnormalities and the non-Wernicke-Korsakoff syndrome group I patients had 13% abnormalities. In a similar study by Chu et al'°of chronic alcoholic patients, those with cerebellar degeneration had the highest incidence of abnormalities (83%) while in patients with either Wernicke-Korsakoff syndrome or alcoholic dementia, the incidence was 50%. However, in their report the number of patients studied in each of the subgroups was relatively small (less than six patients). In another study by Rosenhamer and Silfverskiold'4 10 of 13 (77%) alcoholic patients who had slow tremor and cerebellar ataxia had abnormal BAERs. However, their criterion for abnormality was mean + 2 SD. If the mean + 3 SD value is taken as the upper limit of normal, the incidence of abnormalities in their study is 23% (three out of 13), a figure which is similar to that of our non-Wernicke-Korsakoff syndrome group II patients.
The BAER reflects the functional integrity of the brain stem auditory pathways. Although some uncertainty still exists about the origin of the waves that constitute the BAER the most likely generators are: wave I, acoustic nerves; wave II, cochlear nucleus; wave III, superior olivary complex; wave IV, ventral nucleus of lateral lemniscus and wave V, inferior colliculus.'5 Analysis of the type of BAER abnormalities detected in chronic alcoholics may provide evidence about the sites of the brain stem lesions. In Wernicke-Korsakoff syndrome the acute lesions are characterised by proliferative changes in the blood vessels, perivascular haemorrhages and loss of myelin and axons. These lesions occur in the brain stem auditory pathways and in the adjacent structures. The fact that the abnormal signs and the abnormalities in the BAERs in Wernicke-Korsakoff syndrome may be reversed by thiamine suggests that the initial disturbances in neurological function may be biochemical. Begleiter et al'6 studied 17 chronic alcoholic patients and found a delay in all the mean interpeak latencies and in the absolute latencies of waves II, III, IV and V. These findings indicate widespread dysfunction from the cochlear nucleus to the inferior colliculus. Our study has also shown that the mean I-V interval was prolonged in all groups of chronic alcoholic patients. However prolongation of the I-V interval was approximately twice as frequent in the Wernicke-Korsakoff syndrome group as in the non-Wernicke-Korsakoff syndrome group. Prolongation of the I-III intervals was more than five times more frequent in patients with Wernicke-Korsakoff syndrome than in alcoholics without Wernicke-Korsakoff syndrome, a finding which raises the possiblity of damage in the peripheral pathway including -the acoustic nerve in Wernicke-Korsakoff syndrome. Chu et 
